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DISCLAIMER

		DISCLAIMER

		This spreadsheet is based on the methods discussed in Appendix D 'Petroleum Engineering Considerations' of the draft NTW Project Topic # 2011-3 - Minimizing and Managing Potential Impacts of Injection-Induced Seismicity from Class II Disposal Wells: Practical Approaches.  Discussion on locating earthquake data can be found in Appendix L 'Database Information' with additional caveats and background in Appendix C 'Geosciences Discussion and Introduction to Induced Seismicity Risk'.  It was created by a Region 6 multi-disciplinary team of petroleum engineers and geoscientists.













		Modifications have been made to the spreadsheet to prevent using data that is insufficient for the purpose.  The spreadsheet should be considered draft until others have used it and the results verified.  Interpretation of the results is best used in conjunction with other disposal area information.  Examples of additional area information to supplement the spreadsheet include:







		1) Is the disposal zone fractured?

		2) Is faulting present in the disposal zone or immediately below it?















Instruct_Trouble

		GENERAL INSTRUCTIONS																												TROUBLESHOOTING

		required data						calculated data						information						table header										There are several issues to watch out for:

		error																												1) A formula error message may occur with blank operating and earthquake table, it does not mean anything.

		Most sheets (11 tabs) and cells are locked to only allow viewing (no changes).

																														2) The spreadsheet asks to update links.  DO NOT UPDATE LINKS and DO NOT enable content!  (hopefully now fixed)

		Technical discussion is included under the 'Background tab'.																												a) Excel may save an embedded link to the previous spreadsheet if you repeatedly save as under a new name or copy and paste to another sheet.

																														b) Keep a master copy of the original template.

		The charts are set-up to auto populate from the entered data.

		Be sure to delete the previous study information and always look at the results for 'reasonableness'.																												3) The  Hall integral is all zero or negative

																														a) Under Operating Data, the last rate date MUST be entered.

		1. Enter the key well information under the Well_Data tab in the yellow highlighted areas.  (only well by well information will work)																												b) Under Operating Data, check columns 18-20 and 23 for errors.

																														i) Backflow means you need either to change the specific gravity or more likely need a Bottom hole pressure--play with different numbers if no data--if the well is shut-in then ignore it.

		2. Enter the operating data in the tab so labeled.  Time steps do not have to be equal.																												ii) Friction problems may be too small a tubing ID or too  low a friction factor.

		a) You must enter the unit type as gals or bbls.

		b) Enter unit volumes, avg and max pressure.  If only one pressure, put in both columns.  If available enter injection timing (time or day)																												4) The  plots are not correct.

		i) Timesteps with no volumes (shut-in) will be converted to 0.1 bbl for Hall integral calculations.																												a) Reset the starting and ending values.  If still bad close other large files and try again.

		ii) Constant volume and pressure is generally meaningless.																												b) Was information added under the correct columns on the three spreadsheets?

		iii) Corrections or 'better' pressure or rate estimated inputs should be noted under comments.																												i) Well_Data

		iv) The spreadsheet may keep requiring you to say yes use the new data---it’s a glitch and a pain…sorry!																												ii) Operating Data

		c) Injection on a vacuum without a measured initial pressure is generally meaningless, sometimes with -pressures & BHP it will work.																												c) Keep a master copy of the original.

		d) Injection time will be assumed for the full period if left blank.

		i) If a calculated daily rate indicates a partial period is more accurate, estimate one and note it under comments.																												5) Operating Data!D2 (the last row of rates) does not calculate

																														a) format must be exactly the same.

		3.  To enable a check on typing enter the annual volumes under 'Operating_QAQC' tab																												b) Copy the date (time) for the last value with a rate from column A and paste it in D2.  Then reset the color fill to pink.

		4.  Note that it is the inside tubing diameter needed, which is a function of the tubing weight and grade.

		The best resource is the Halliburton Redbook or eRedbook (software is downloadable from their website).

		A quick look at the range of values is listed in the last sheet labelled 'Tubing'.

		5. You will need to edit the series end points on all the Hall and Tandem plots, for the actual last row of data.

		The last entry can either be found by checking the correct page or finding it on PlotRanges

		Plotting the mudlog data will have to be through adding the data, and or editing it.

		Labels can be added through Format Data Labels/Text options

		Check value from cells, click select range.  Highlight the labels on the Mudlog page

		Note there are two scales on the Mudlog page, scale1 is for the Rev_ops plot, scale2 for the gradient plot

		6. Hall_days plot

		If this is kept, you can adjust the slope lines, by playing with the day value and Hall integral rows.

		Use scale 1 & 2 for the different slopes as needed





Background

		General Background Notes:																												Hall Integral Response Patterns

		All equations are based upon standard reservoir engineering practices, especially those designed for well testing.



		Further information on the Hall integral may be found in Hall, World Oil, October 1963; Jarrell et al., SPE Paper 21724-MS, 1991.

		Further information on the Hall integral derivative technique may be found in Izgec and Kabir, SPE Paper 109876-PA,  2009.



		Data Requirements:

		Analysis plots require an estimate of static reservoir bottom hole pressure and tabulated injection well surface operating pressures and injection volumes over a time period. 

		Surface pessures are converted to a bottom hole basis at the tubing string bottom.









		Hall Plot:																		Operating Data, Operating Gradient, and Tandem Plots:

		The Hall integral and derivative plot is an operational assessment of injection rates and pressures to look for indication of a fault at a distance or enhanced injectivity during operations.  The Hall integral plot provides a long time, long distance look at the disposal zone; including heterogeneities such as stratigraphic pinch outs or fault planes.																		These 3 plots supplement the Hall plot by providing reviews of overall injection data, the operational gradient of the well, and the relationship of earthquakes events back to the Hall integral and derivative responses for the injector.  The operational data plot shows trends in the well injection volumes and surface pressures.  The operational gradient plot shows the bottomhole injection pressure gradient trend for the well over time which can also be compared against expected fracture gradient.



		Hall Plot Purpose																		Hall Plot Challenges

		o   Evaluates injection well performance and reservoir flow behavior or changes in behavior over time 																		o   Available time increment of pressure and injection reported data impacts quality of Hall derivative function and shape of plot

		§  Slope change on the Hall integral trend reflects the pressure response as fluid moves radially from the disposal well																		o   Requires an estimate or measurement of static reservoir pressure

		·         Slope indicates a well’s completion condition or injection efficiency																		o   Conversion of surface pressure to BHP can be inaccurate

		·         Negative slope break associated with enhancement of injectivity																		§  Friction pressure estimates can be suspect, especially for wells with high injection rates through smaller diameter tubing

		·         Positive slope break indicates reduced injectivity																		o   Hall integral should increase as long as injection is occurring

		·         No slope break (straight line) represents radial flow 																		§  Assuming too high static reservoir pressure estimate can cause negative increments in the Hall integral calculation																				o   Attaining terminal pressure, as shown, indicates parting pressure of the formation was reached.  Seismicity resulted in this case, and the well was shut in.

		o   Location of derivative (DHI) relative to the Hall integral (HI) also indicates the completion condition of the well																		o   Wells used intermittently require data manipulation to keep the Hall integral positive																				Reference for the above: Aschehoug, M. and C. S. Kabir, 2013, Real-Time Evaluation of Carbon Dioxide Production and Sequestration in a Gas Field; SPE 16314p-PA-P.

		§  Highlights well behavior patterns

		·         DHI located below HI indicates enhanced injectivity																		Possible Data Quality or Calculation Procedure "Red Flags"

		o   Examples:  Opening of new pay zone, fracturing, extension of existing fracture																		o   Constant tubing pressure with varying injection volumes raises questions about data quality

		·         DHI overlying HI indicates radial flow																		o   Positive slope change may be associated with a plugging at the well, boundary or offset injection well

		·         DHI above HI suggests a decrease of injectivity																		o   Negative slope break may be associated with the opening of a new pay zone, fracturing, or extension of existing fracture

		o   Examples:  Near wellbore plugging, boundary, offset injection well

		§  Hall derivative (DHI) should always be a positive value if Hall integral (HI) is increasing																		Key Technical References

																				Hall, H.N., 1963, How to analyze waterflood injection well performance:  World Oil, October 1963, p 128-130.

																				Jarrell, P.M. and M.H. Stein; 1991, Maximizing Injection Rates in Wells Recently Converted to Injection Using Hearn and Hall Plots; SPE 21724-MS.

																				Izgec, B., and C. S. Kabir, 2009, Real-time performance analysis of water-injection wells: SPE Reservoir Evaluation & Engineering, v. 12, no. 1, p. 116-123, SPE 109876-PA



		Notes on spreadsheet data input 																		Horizontal injection wells may present some challenges to the Hall plot methodologies because:

		Operating data																		1)      well geometry presents some unique challenges to injection profile behavior – the horizontal leg may not act like a point source for quite awhile - the injection response has to move away from the  well leg quite a distance for it have point source behavior;

		1) Insert reported operating data in "Operating Data" tab in columns A-D.

		2) Operating data is currently set up only for a monthly basis.  Changing to a more frequent (hourly or daily) or less frequent (quarterly) timeframe requires modifying equations in some of the other columns on the "Operating Data" tab.

		3) Friction loss is calculated with Hazen-Williams friction loss correlation																		2)      different fracturing behavior - vertical well should have planar fracturing, but stress fields are oriented differently in a horizontal well and well completion interval is much longer so injection-induced fracturing may be more dendritic-like and spread across the wellbore in segments –injection-induced staged fracturing may occur during operation;

		Earthquake data

		1) Select specific earthquakes for inclusion, by area of interest

		a) Area of interest may be a arbitrary search radius such as 5, 10 or 12 miles around the well (it should be a function of sesimometer density and local geologic complexity)

		2) Add date, time, magnitude to the Earthquake page																		3)      varying injection profiles across a long horizontal leg (although long open hole intervals in vertical wells can have this too);

		3) The earthquake event has to be related to the cumulative injector for comparison with Hall integral and derivative responses.

		a) Days will be calculated from the first day entered under 'Operating Data'																		4)      multiple boundaries to contend with such a top and bottom of the formation and the length of the wellbore leg – this introduces more than one radial flow segment and possible linear flow effects until the wellbore leg is small relative to the distance of disposal response.

		b) day_frac =(difference in days of month +time fraction)/(days of month)

		c) Cum_frac = day_Frac(end month cum - begin mo cum)







HeadersEtc

		OPERATIONAL DATA				enter in Data Series box						#REF! until Operating Data entered

		all operational data		=offset(reference, rows, cols, (height),(width)						injection from		3/31/15

		OpsDate		=OFFSET(Start_Date,0,0,Ops_endInd,)		='Operting Data'!OpsDate				injection to		6/30/20

		PrAvg		=OFFSET(Start_Date,0,2,Ops_endInd,)		='Operting Data'!PrAvg				max		0

		PrMax		=OFFSET(Start_Date,0,3,Ops_endInd,)		='Operting Data'!PrMax				max		0

		Injection		=OFFSET(Start_Date,0,4,Ops_endInd,)		='Operting Data'!Injection				max		ERROR:#NAME?

		InjAvg		=OFFSET(Start_Date,0,9,Ops_endInd,)		='Operting Data'!InjAvg				max		0

		PrGradAvg		=OFFSET(Start_Date,0,15,Ops_endInd,)		='Operting Data'!PrGradAvg				max		0.01

		PrGradMx		=OFFSET(Start_Date,0,16,Ops_endInd,)		='Operting Data'!PrGradMax				max		ERROR:#NAME?

		DaysInj		=OFFSET(Start_Date,0,6,Ops_endInd,)		='Operting Data'!DaysInj

		Wi_Cum		=OFFSET(Start_Date,0,8,Ops_endInd,)		='Operting Data'!Wi_Cum				max		3,063

		Hall_Cum		=OFFSET(Start_Date,0,18,Ops_endInd,)		='Operting Data'!Hall_Cum				max		1,373,016

		Hall_Der		=OFFSET(Start_Date,0,19,Ops_endInd,)		='Operting Data'!Hall_Der				max		0

		EARTHQUAKE DATA								Search		ERROR:#REF!

		EQDates		=OFFSET(Earthquakes!$Q$13,1,0,COUNTA(EQs)-1)		='Earthquakes'!EQDates				Number of events				ERROR:#REF!

		EQMag		=OFFSET(Earthquakes!$T$13,1,0,EQ_count,)		='Earthquakes'!EQMag

		Wi_Cum_Inj_EQ		=OFFSET(EQ_plot1,1,9,COUNTA(EQs)-1,)		='EQ_Calcs'!Wi_Cum_Inj_EQ				ERROR:#NAME?

		Cum_EQ		=OFFSET(EQ_plot1,1,4,COUNTA(EQs)-1,)		='EQ_Calcs'!Cum_EQ				ERROR:#REF!

		PLOT TITLES		Used for Plot Title Labels

		Mid-Way Class I: Operating Data		Operating Data

		Mid-Way Class I: Operating Pressure Gradient		Operating Pressure Gradient

		Mid-Way Class I: Hall integral and Derivative Plot		Hall integral and Derivative Plot

		ERROR:#REF!		Tandem Plot

		Mid-Way Class I: Operational Data QA/QC		Operational Data QA/QC





Well_Data

		General well data used for calculations on "Operating Data" tab*						Required DATA entry												Used for Plot Title Labels										TIME STEPS				monthly

		This color is a data entry cell		Essential: do not touch		Calculation cell: do not touch!		Comment/Note cells				Total Depth								Mid-Way Class I: monthly Operating Data		Operating Data								min		28.00		monthly

		Well name:		Mid-Way Class I				Open Hole completion		MD		7040		Permit or Order				Units (bpd; gpm)		Mid-Way Class I: monthly: Operating Pressure Gradient		Operating Pressure Gradient								max		31.00		monthly

		API								TVD				Max Rate						Mid-Way Class I: monthly: Hall integral and Derivative Plot		Hall integral and Derivative Plot

		Location: (latitude, longitude)								PBTD				Max Pressure						Mid-Way Class I: monthly: Operational Data QA/QC		Operational Data QA/QC

		Elevation: (GL, KB)												Permit Date

		Initial Disposal Date												USDW/BTW

		Top Injection Zone (or actual pf) in ft		5173										Formation		Arbuckle				Early Hall integral and Derivative Plot: Mid-Way Class I: monthly		Early Hall integral and Derivative Plot

		Base Injection Zone (or actual pf) in ft												Fm Top:		5127				Late Hall integral and Derivative Plot: Mid-Way Class I: monthly		Late Hall integral and Derivative Plot

		Wellbore Tubular/Hydraulics Data						Operating Data Check				row								Hourly Data

		Tubing outside diameter		4 1/2		inch 		From		Mar-15		2		<--Start of operations data

		Tubing inside diameter*		3.939		inch 		To		6/30/20		65		<--End of operations data

		Tubing bottom (or packer depth)		5115		ft								New Tbg ID

		Injection Fluid Specific Gravity		1.1		dimensionless		* Look up in Halliburton Redbook or eRedbook, Dimensions and Strengths; see also 'Tubing' sheet						New Tbg

		Friction- factor*  (100-150)		125		dimensionless								New Packer

		Measurement/Determination of Static Bottom Hole Pressure		Options include: static bhp based on or calculated from a static surface pressure, a static fluid level, a tubing hydrostatic column based on fresh water, a tubing hydrostatic based on injectate brine, or a bottom hole pressure gauge measurement.   The static bhp is used as the starting point for the Hall integral and derivative functions.  With no measurements, the calculated static BHP defaults to tubing hydrostatic column filled with brine										Pkr Date

		Static Bottom Hole Pressure measured				psi		left empty if no value measured, otherwise enter bhp gauge pressure

		Static Bottom Hole Pressure Reference Depth				ft		depth BHP gauge was set at

		CALCULATED BHP Values ordered by preference:

		Measured Static Bottom Hole Pressure  depth adjusted to tubing bottom		No BHP gauge measurement?		psi		((BHP meas/BHP depth)*(Tbg btm-BHP depth))+BHP meas

		Static BHP from fluid level		 No fluid level measured?		psi, rounded to 10's		(fluid gradient)*(static head)

		Static BHP from surface pressure		No static surf Pr measured?		psi		Surface P + brine hydrostatic column

		Well on vacuum?				yes/(no=blank)		

		Default: Hydrostatic BHP brine water		2440		psi, rounded to 10's		(Tubing bottom) * (brine water gradient)								tbg btm?

		Default: Hydrostatic BHP fresh water		2210		psi, rounded to 10's		(Tubing bottom) * (fresh water gradient)								tbg btm?

		Static BHP at base of tubing		2440		psi		BHP value to be used for Hall plot calculations						brine Pr pkr2		tbg btm?

		Static Surface Pressure measured				psi		left empty if no value measured						BHP2_static		tbg btm?

		Static Fluid level measured				ft (from surface)		left empty if no value measured

		Static head		No Fluid level measured?		ft, rounded to 10's		gives static height of fluid in tubing based on static fluid level measurement

		Fresh water gradient		0.433		psi/ft, rounded to 3 decimal places		constant value

		Brine water gradient		0.476		psi/ft, rounded to 3 decimal places		fresh water gradient * SG





		*  Notes for General Well Data tab

		Constants/Conversions		Value

		Fresh water gradient		0.433		 psi/ft

		1 Barrel per Day		34.28571		gallons/min

		Hazen-Williams friction factor values:

		CIBA-GEIGY Pipe		150

		Steel pipe, internal plastic coat)		140

		Steel pipe, welded & seamless)		100

		Default condition for Static BHP estimation

		If well not on a vacuum, default is brine hydrostatic with fresh water hydrostatic as a secondary default

		If well is on a vacuum, either a bottomhole pressure with a guage depth or fluid level MUST be entered

		Inside diameter can be found in Halliburton Cementing Tables: Dimension and Strengths: from the OD, Grade and either thread drift or wt, usually found on the wellbore schematic.  Conservatively the drift could be used.



		Generally the tubing is 30' below the packer depth, but should not significantly effect the calculations.  If in doubt try both.



		Assumes: bottomhole guage is above tubing seat (and packer)





operating_QAQC

		Mid-Way Class I



		12/31/99		started disposal

		Annual Report

		 year		total volume		 Monthly Injection Volume (gals)  		verification		 Monthly Injection Volume (Bbl)		Cum Wi annual																										mo_yr		Monthly		Cum_Wi		aveP		CumHall		maxP		BPD		row

		1900				0				0		0																										Mar-15		3968		3968		297		18768		318		132		1

		1901				0				0		0																										May-15		18739		22707		324		28458		324		625		3

		1902				0				0		0																										Jun-15		10921		33628		328		38626		328		352		4

		1903				0				0		0																										Jul-15		14125		47753		301		47957		301		456		5

		1904				0				0		0																										Aug-15		19695		67448		260		55727		260		657		6

		1905				0				0		0																										Sep-15		22397		89845		309		65275		309		722		7

		1906				0				0		0																										Oct-15		8527		98372		349		75745		349		284		8

		1907				0				0		0																										Nov-15		7760		106132		236		83061		236		250		9

		1908				0				0		0																										Dec-15		14316		120448		308		92609		308		462		10

		1909				0				0		0																										Jan-16		7578		128026		290		101019		290		261		11

		1910				0				0		0																										Feb-16		6095		134121		306		110505		306		197		12

		1911				0				0		0																										Mar-16		10528		144649		273		118695		273		351		13

		1912				0				0		0																										Apr-16		14358		159007		331		128925		331		463		14

		1913				0				0		0																										May-16		14666		173673		374		140115		374		489		15

		1914				0				0		0																										Jun-16		14060		187733		356		151151		356		454		16

		1915				0				0		0																										Jul-16		13162		200895		365		162466		365		425		17

		1916				0				0		0		Operational Monthly Statistics										Graph Parameters														Aug-16		8237		209132		385		174016		385		275		18

		1917				0				0		0				Avg Pr		Max Pr		Mo Volume				Axes		Mo Vol		avg Pr		max Pr		property						Sep-16		17023		226155		360		185145		360		549		19

		1918				0				0		0		sum		28,243		28,243		1,373,016				max		130,000		700		700		.maximumScale						Oct-16		8160		234315		401		197175		401		272		20

		1919				0				0		0		count		64		64		0				min		0		200		200		.MinimumScale						Nov-16		10176		244491		401		209606		401		328		21

		1920				0				0		0		avg		441		441		21,453				max tick		20000		80		0		.MajorUnit						Dec-16		11936		256427		388		221634		388		385		22

		1921				0				0		0		mode		506		506		ERROR:#N/A				2nd tick		4000		20		0		.MinorUnit						Jan-17		10097		266524		406		233002		406		361		23

		1922				0				0		0		max		645		645		120,674																		Feb-17		8439		274963		414		245836		414		272		24

		1923				0				0		0		min		236		236		3,968				Range		116,706		409		409								Mar-17		11047		286010		452		259396		452		368		25

		1924				0				0		0		Range		409		409		116,706				places		5		3		3								Apr-17		11512		297522		476		274152		476		371		26

		1925				0				0		0												divisor		1000.00		10.00		10.00								May-17		17842		315364		505		289272		505		595		27

		1926				0				0		0												break		117		41		41								Jun-17		10755		326119		506		304958		506		347		28

		1927				0				0		0												round		20		8		0								Jul-17		11033		337152		549		321977		549		356		29

		1928				0				0		0												round		4		2		0								Aug-17		13453		350605		560		338777		560		448		30

		1929				0				0		0																										Sep-17		22053		372658		587		356943		587		711		31

		1930				0				0		0																										Oct-17		10558		383216		567		373953		567		352		32

		1931				0				0		0																										Nov-17		10221		393437		462		388275		462		330		33

		1932				0				0		0																										Dec-17		6625		400062		506		403961		506		214		34

		1933				0				0		0																										Jan-18		11628		411690		481		417429		481		415		35

		1934				0				0		0																										Feb-18		11582		423272		480		432309		480		374		36

		1935				0				0		0																										Mar-18		17296		440568		496		447159		496		577		37

		1936				0				0		0																										Apr-18		21633		462201		498		462566		498		698		38

		1937				0				0		0																										May-18		19290		481491		488		477176		488		643		39

		1938				0				0		0																										Jun-18		14183		495674		553		494319		553		458		40

		1939				0				0		0																										Jul-18		114478		610152		645		513632		645		3693		41

		1940				0				0		0																										Aug-18		120674		730826		591		530582		591		4022		42

																																						Sep-18		67298		798124		587		548531		587		2171		43

																																						Oct-18		29525		827649		539		564641		539		984		44

																																						Nov-18		22587		850236		540		581350		540		729		45

																																						Dec-18		84922		935158		622		600229		622		2739		46

																																						Jan-19		40586		975744		585		616497		585		1450		47

																																						Feb-19		10544		986288		506		632183		506		340		48

																																						Mar-19		9917		996205		460		645983		460		331		49

																																						Apr-19		9962		1006167		438		659561		438		321		50

																																						May-19		75972		1082139		434		672251		434		2532		51

																																						Jun-19		39411		1121550		439		685767		439		1271		52

																																						Jul-19		10168		1131718		562		703189		562		328		53

																																						Aug-19		16042		1147760		565		720109		565		535		54

																																						Sep-19		38647		1186407		543		736849		543		1247		55

																																						Oct-19		18909		1205316		461		750649		461		630		56

																																						Nov-19		52900		1258216		491		765715		491		1706		57

																																						Dec-19		39487		1297703		439		779231		439		1274		58

																																						Jan-20		13435		1311138		475		792977		475		463		59

																																						Feb-20		8606		1319744		438		806555		438		278		60

																																						Mar-20		11999		1331743		382		818015		382		400		61

																																						Apr-20		14789		1346532		429		831283		429		477		62

																																						May-20		10105		1356637		438		844423		438		337		63

																																						Jun-20		7844		1364481		388		844423		438		261		64

																																						Jul-20		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Aug-20		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Sep-20		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Oct-20		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Nov-20		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Dec-20		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Jan-21		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Feb-21		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Mar-21		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Apr-21		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						May-21		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Jun-21		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Jul-21		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Aug-21		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Sep-21		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Oct-21		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Nov-21		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Dec-21		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Jan-22		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Feb-22		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Mar-22		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Apr-22		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						May-22		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Jun-22		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Jul-22		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Aug-22		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Sep-22		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Oct-22		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Nov-22		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Dec-22		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Jan-23		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Feb-23		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Mar-23		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Apr-23		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						May-23		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Jun-23		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Jul-23		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Aug-23		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Sep-23		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Oct-23		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Nov-23		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Dec-23		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Jan-24		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Feb-24		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Mar-24		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Apr-24		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						May-24		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Jun-24		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Jul-24		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Aug-24		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Sep-24		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Oct-24		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Nov-24		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Dec-24		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Jan-25		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Feb-25		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Mar-25		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Apr-25		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						May-25		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Jun-25		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Jul-25		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Aug-25		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Sep-25		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Oct-25		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Nov-25		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Dec-25		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Jan-26		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Feb-26		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Mar-26		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Apr-26		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						May-26		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Jun-26		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Jul-26		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Aug-26		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Sep-26		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Oct-26		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Nov-26		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Dec-26		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Jan-27		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Feb-27		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Mar-27		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Apr-27		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						May-27		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Jun-27		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Jul-27		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Aug-27		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Sep-27		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Oct-27		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Nov-27		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Dec-27		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Jan-28		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Feb-28		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Mar-28		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Apr-28		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						May-28		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Jun-28		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Jul-28		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Aug-28		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Sep-28		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Oct-28		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Nov-28		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Dec-28		0		1364481		ERROR:#DIV/0!		844423		438		ERROR:#DIV/0!		64

																																						Jan-29		0		1364481		ERROR:#DIV/0!		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#DIV/0!		64



Early Hall integral and Derivative Plot: Mid-Way Class I: monthly	Avg Pressure Volume gals	
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3968	8535	18739	10921	14125	19695	22397	8527	7760	14316	7578	6095	10528	14358	14666	14060	13162	8237	17023	8160	10176	11936	10097	8439	11047	11512	17842	10755	11033	13453	22053	10558	10221	6625	11628	11582	17296	21633	19290	14183	114478	120674	67298	29525	22587	84922	40586	10544	9917	9962	75972	39411	10168	16042	38647	18909	52900	39487	13435	8606	11999	14789	10105	7844	297	318	324	328	301	260	309	349	236	308	290	306	273	331	374	356	365	385	360	401	401	388	406	414	452	476	505	506	549	560	587	567	462	506	481	480	496	498	488	553	645	591	587	539	540	622	585	506	460	438	434	439	562	565	543	461	491	439	475	438	382	429	438	388	Avg Pressure Volume bbs	297	318	324	328	301	260	309	349	236	308	290	306	273	331	374	356	365	385	360	401	401	388	406	414	452	476	505	506	549	560	587	567	462	506	481	480	496	498	488	553	645	591	587	539	540	622	585	506	460	438	434	439	562	565	543	461	491	439	475	438	382	429	438	388	3968	8535	18739	10921	14125	19695	22397	8527	7760	14316	7578	6095	10528	14358	14666	14060	13162	8237	17023	8160	10176	11936	10097	8439	11047	11512	17842	10755	11033	13453	22053	10558	10221	6625	11628	11582	17296	21633	19290	14183	114478	120674	67298	29525	22587	84922	40586	10544	9917	9962	75972	39411	10168	16042	38647	18909	52900	39487	13435	8606	11999	14789	10105	7844	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	Max Pressure Volume bbls	297	318	324	328	301	260	309	349	236	308	290	306	273	331	374	356	365	385	360	401	401	388	406	414	452	476	505	506	549	560	587	567	462	506	481	480	496	498	488	553	645	591	587	539	540	622	585	506	460	438	434	439	562	565	543	461	491	439	475	438	382	429	438	388	3968	8535	18739	10921	14125	19695	22397	8527	7760	14316	7578	6095	10528	14358	14666	14060	13162	8237	17023	8160	10176	11936	10097	8439	11047	11512	17842	10755	11033	13453	22053	10558	10221	6625	11628	11582	17296	21633	19290	14183	114478	120674	67298	29525	22587	84922	40586	10544	9917	9962	75972	39411	10168	16042	38647	18909	52900	39487	13435	8606	11999	14789	10105	7844	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	 Daily/Monthly Injection Volume   

Pressure (psi)



Operating Data

		Start_Date		3/31/15		end_date		6/30/20		calculated		Last_day_mo		6/30/20				Last_daily_avg		261		BPD		Last_Cum		1,373,016				Avg tubing Pr		441		psig				Cum Hall Integral		Hall Slope						wi				wi												Wi				Wi				Wi				Wi				start (actual data row)						Wi

				Fill in ACTUAL last rate date		6/30/20		70		Wi data rows		64						Last 6 period PD avg		499		use first daily instead of monthly where appropriate								Max tbg Pr		645		psig		min		8,910		15,376				1st monthly				last monthly				Daily start				Daily end				Est Pr from here				Est Pr ends				Est Rate here after				Est rate ends						7				Pr Grad. High		

		units (gals or bbls)		bbls		Initial_cum						Hall slope pts fwd/bk (3-5):		5		>0				after annual		1st monthly				last monthly				Avg Daily Inj vol		704		BPD		max		856,063		1,501,666																																												

				Est Pressure here after				Est Pr ends				Est rate here after				Est rate ends						Daily start				Daily end				Pr Gradient						date

		Ops_data		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30		31		32		33

		Month_Year (or date for daily)		year		Average Tubing Pressure (psig)  		Maximum Tubing Pressure (psig)		Monthly Injection Volume (units)		Monthly Injection Volume (bbls)		hours injected		Days Injected		Comments		Injection Days in Time Step		Days in Time Step		Total Days (elapsed time)		Wi, Cumulative Injection (bbls)		Average Rate (bpd) 		Average Rate (gpm)		Injection Pressure Drop (psi)		Corrected Avg Pressure		Calculated Injection BHP 		Injection or BACKFLOW (problem)		Fluid Gradient check (too low Pr; bad friction factor)		Average Operating Gradient (psi/ft) 		Maximum Operating Gradient (psi/ft) 		Hall Integral Increment (psi-day)		Hall Integral running cumulative (psi-day)		Hall Derivative (numeric)		1/Q (day/bbl)		BHP/Q (psi-day/bbl)		SDate		Est Total		end_est		mo		slope, 5-step		Data Row Increment		test

		Mar-2015		2015		297		297		3,968		3,968.0								30.00		30.00		30.0		3,968		132		4		0.05		297		2737		Injection				0.535		0.535		8910		8,910		8589		0.00757576		20.7348		3/31/15		3968				Mar-15		15376		0		30

		Apr-2015		2015		318		318		8,535		8,535.0								31.00		31.00		61.0		12,503		275		8		0.18		318		2758		Injection				0.539		0.539		9858		18,768		10581		0.00363636		10.0291		4/30/15		12503				Apr-15		22791		1		31

		May-2015		2015		324		324		18,739		18,739.0								30.00		30.00		91.0		31,242		625		18		0.81		324		2763		Injection				0.540		0.540		9690		28,458		33918		0.00160000		4.4208		5/31/15		31242				May-15		35211		2		30

		Jun-2015		2015		328		328		10,921		10,921.0								31.00		31.00		122.0		42,163		352		10		0.27		328		2768		Injection				0.541		0.541		10168		38,626		32294		0.00284091		7.8636		6/30/15		42163				Jun-15		41038		3		31

		Jul-2015		2015		301		301		14,125		14,125.0								31.00		31.00		153.0		56,288		456		13		0.44		301		2741		Injection				0.536		0.536		9331		47,957		25898		0.00219298		6.0110		7/31/15		56288				Jul-15		52795		4		31

		Aug-2015		2015		260		260		19,695		19,695.0								30.00		30.00		183.0		75,983		657		19		0.89		260		2699		Injection				0.528		0.528		7770		55,727		36961		0.00152207		4.1081		8/31/15		75983				Aug-15		24936		5		30

		Sep-2015		2015		309		309		22,397		22,397.0								31.00		31.00		214.0		98,380		722		21		1.07		309		2748		Injection				0.537		0.537		9548		65,275		125960		0.00138504		3.8061		9/30/15		98380				Sep-15		36643		6		31

		Oct-2015		2015		349		349		8,527		8,527.0								30.00		30.00		244.0		106,907		284		8		0.18		349		2789		Injection				0.545		0.545		10470		75,745		104405		0.00352113		9.8204		10/31/15		106907				Oct-15		53141		7		30

		Nov-2015		2015		236		236		7,760		7,760.0								31.00		31.00		275.0		114,667		250		7		0.14		236		2676		Injection				0.523		0.523		7316		83,061		81157		0.00400000		10.7040		11/30/15		114667				Nov-15		64371		8		31

		Dec-2015		2015		308		308		14,316		14,316.0								31.00		31.00		306.0		128,983		462		13		0.44		308		2748		Injection				0.537		0.537		9548		92,609		147309		0.00216450		5.9481		12/31/15		128983				Dec-15		82095		9		31

		Jan-2016		2016		290		290		7,578		7,578.0								29.00		29.00		335.0		136,561		261		8		0.18		290		2730		Injection				0.534		0.534		8410		101,019		217246		0.00383142		10.4598		1/31/16		136561				Jan-16		107113		10		29

		Feb-2016		2016		306		306		6,095		6,095.0								31.00		31.00		366.0		142,656		197		6		0.11		306		2746		Injection				0.537		0.537		9486		110,505		115022		0.00507614		13.9391		2/29/16		142656				Feb-16		126939		11		31

		Mar-2016		2016		273		273		10,528		10,528.0								30.00		30.00		396.0		153,184		351		10		0.27		273		2713		Injection				0.530		0.530		8190		118,695		114181		0.00284900		7.7293		3/31/16		153184				Mar-16		134937		12		30

		Apr-2016		2016		331		331		14,358		14,358.0								31.00		31.00		427.0		167,542		463		14		0.51		331		2770		Injection				0.542		0.542		10230		128,925		133349		0.00215983		5.9827		4/30/16		167542				Apr-16		143626		13		31

		May-2016		2016		374		374		14,666		14,666.0								30.00		30.00		457.0		182,208		489		14		0.51		374		2813		Injection				0.550		0.550		11190		140,115		148469		0.00204499		5.7526		5/31/16		182208				May-16		155788		14		30

		Jun-2016		2016		356		356		14,060		14,060.0								31.00		31.00		488.0		196,268		454		13		0.44		356		2796		Injection				0.547		0.547		11036		151,151		174322		0.00220264		6.1586		6/30/16		196268				Jun-16		165301		15		31

		Jul-2016		2016		365		365		13,162		13,162.0								31.00		31.00		519.0		209,430		425		12		0.38		365		2805		Injection				0.548		0.548		11315		162,466		299403		0.00235294		6.6000		7/31/16		209430				Jul-16		177052		16		31

		Aug-2016		2016		385		385		8,237		8,237.0								30.00		30.00		549.0		217,667		275		8		0.18		385		2825		Injection				0.552		0.552		11550		174,016		147797		0.00363636		10.2727		8/31/16		217667				Aug-16		196462		17		30

		Sep-2016		2016		360		360		17,023		17,023.0								31.00		31.00		580.0		234,690		549		16		0.65		360		2799		Injection				0.547		0.547		11129		185,145		351976		0.00182149		5.0984		9/30/16		234690				Sep-16		221836		18		31

		Oct-2016		2016		401		401		8,160		8,160.0								30.00		30.00		610.0		242,850		272		8		0.18		401		2841		Injection				0.555		0.555		12030		197,175		302839		0.00367647		10.4449		10/31/16		242850				Oct-16		248790		19		30

		Nov-2016		2016		401		401		10,176		10,176.0								31.00		31.00		641.0		253,026		328		10		0.27		401		2841		Injection				0.555		0.555		12431		209,606		260944		0.00304878		8.6616		11/30/16		253026				Nov-16		276096		20		31

		Dec-2016		2016		388		388		11,936		11,936.0								31.00		31.00		672.0		264,962		385		11		0.32		388		2828		Injection				0.553		0.553		12028		221,634		303964		0.00259740		7.3455		12/31/16		264962				Dec-16		296000		21		31

		Jan-2017		2017		406		406		10,097		10,097.0								28.00		28.00		700.0		275,059		361		11		0.32		406		2846		Injection				0.556		0.556		11368		233,002		424693		0.00277008		7.8837		1/31/17		275059				Jan-17		314482		22		28

		Feb-2017		2017		414		414		8,439		8,439.0								31.00		31.00		731.0		283,498		272		8		0.18		414		2854		Injection				0.558		0.558		12834		245,836		354726		0.00367647		10.4926		2/28/17		283498				Feb-17		343714		23		31

		Mar-2017		2017		452		452		11,047		11,047.0								30.00		30.00		761.0		294,545		368		11		0.32		452		2892		Injection				0.565		0.565		13560		259,396		384877		0.00271739		7.8587		3/31/17		294545				Mar-17		358638		24		30

		Apr-2017		2017		476		476		11,512		11,512.0								31.00		31.00		792.0		306,057		371		11		0.32		476		2916		Injection				0.570		0.570		14756		274,152		266853		0.00269542		7.8598		4/30/17		306057				Apr-17		369604		25		31

		May-2017		2017		505		505		17,842		17,842.0								30.00		30.00		822.0		323,899		595		17		0.73		505		2944		Injection				0.576		0.576		15120		289,272		480202		0.00168067		4.9479		5/31/17		323899				May-17		385803		26		30

		Jun-2017		2017		506		506		10,755		10,755.0								31.00		31.00		853.0		334,654		347		10		0.27		506		2946		Injection				0.576		0.576		15686		304,958		524685		0.00288184		8.4899		6/30/17		334654				Jun-17		399530		27		31

		Jul-2017		2017		549		549		11,033		11,033.0								31.00		31.00		884.0		345,687		356		10		0.27		549		2989		Injection				0.584		0.584		17019		321,977		440038		0.00280899		8.3961		7/31/17		345687				Jul-17		417911		28		31

		Aug-2017		2017		560		560		13,453		13,453.0								30.00		30.00		914.0		359,140		448		13		0.44		560		3000		Injection				0.587		0.586		16800		338,777		304832		0.00223214		6.6964		8/31/17		359140				Aug-17		439965		29		30

		Sep-2017		2017		587		587		22,053		22,053.0								31.00		31.00		945.0		381,193		711		21		1.07		587		3026		Injection				0.592		0.592		18166		356,943		622607		0.00140647		4.2560		9/30/17		381193				Sep-17		464804		30		31

		Oct-2017		2017		567		567		10,558		10,558.0								30.00		30.00		975.0		391,751		352		10		0.27		567		3007		Injection				0.588		0.588		17010		373,953		556065		0.00284091		8.5426		10/31/17		391751				Oct-17		487040		31		30

		Nov-2017		2017		462		462		10,221		10,221.0								31.00		31.00		1,006.0		401,972		330		10		0.27		462		2902		Injection				0.567		0.567		14322		388,275		959570		0.00303030		8.7939		11/30/17		401972				Nov-17		480405		32		31

		Dec-2017		2017		506		506		6,625		6,625.0								31.00		31.00		1,037.0		408,597		214		6		0.11		506		2946		Injection				0.576		0.576		15686		403,961		479955		0.00467290		13.7664		12/31/17		408597				Dec-17		468408		33		31

		Jan-2018		2018		481		481		11,628		11,628.0								28.00		28.00		1,065.0		420,225		415		12		0.38		481		2921		Injection				0.571		0.571		13468		417,429		547291		0.00240964		7.0386		1/31/18		420225				Jan-18		467456		34		28

		Feb-2018		2018		480		480		11,582		11,582.0								31.00		31.00		1,096.0		431,807		374		11		0.32		480		2920		Injection				0.571		0.571		14880		432,309		378117		0.00267380		7.8075		2/28/18		431807				Feb-18		340154		35		31

		Mar-2018		2018		496		496		17,296		17,296.0								30.00		30.00		1,126.0		449,103		577		17		0.73		496		2935		Injection				0.574		0.574		14850		447,159		327494		0.00173310		5.0867		3/31/18		449103				Mar-18		242969		36		30

		Apr-2018		2018		498		498		21,633		21,633.0								31.00		31.00		1,157.0		470,736		698		20		0.98		498		2937		Injection				0.574		0.574		15407		462,566		363786		0.00143266		4.2077		4/30/18		470736				Apr-18		206969		37		31

		May-2018		2018		488		488		19,290		19,290.0								30.00		30.00		1,187.0		490,026		643		19		0.89		488		2927		Injection				0.572		0.572		14610		477,176		600825		0.00155521		4.5521		5/31/18		490026				May-18		192913		38		30

		Jun-2018		2018		553		553		14,183		14,183.0								31.00		31.00		1,218.0		504,209		458		13		0.44		553		2993		Injection				0.585		0.585		17143		494,319		94390		0.00218341		6.5349		6/30/18		504209				Jun-18		188755		39		31

		Jul-2018		2018		645		645		114,478		114,478.0								31.00		31.00		1,249.0		618,687		3,693		108		22.23		645		3063		Injection				0.599		0.599		19313		513,632		95125		0.00027078		0.8294		7/31/18		618687				Jul-18		185493		40		31

		Aug-2018		2018		591		591		120,674		120,674.0								30.00		30.00		1,279.0		739,361		4,022		117		25.78		591		3005		Injection				0.587		0.588		16950		530,582		206039		0.00024863		0.7471		8/31/18		739361				Aug-18		186756		41		30

		Sep-2018		2018		587		587		67,298		67,298.0								31.00		31.00		1,310.0		806,659		2,171		63		8.20		587		3019		Injection				0.590		0.590		17949		548,531		448152		0.00046062		1.3906		9/30/18		806659				Sep-18		193283		42		31

		Oct-2018		2018		539		539		29,525		29,525.0								30.00		30.00		1,340.0		836,184		984		29		1.95		539		2977		Injection				0.582		0.582		16110		564,641		626894		0.00101626		3.0254		10/31/18		836184				Oct-18		205180		43		30

		Nov-2018		2018		540		540		22,587		22,587.0								31.00		31.00		1,371.0		858,771		729		21		1.07		540		2979		Injection				0.582		0.582		16709		581,350		200204		0.00137174		4.0864		11/30/18		858771				Nov-18		228811		44		31

		Dec-2018		2018		622		622		84,922		84,922.0								31.00		31.00		1,402.0		943,693		2,739		80		12.76		622		3049		Injection				0.596		0.596		18879		600,229		386335		0.00036510		1.1132		12/31/18		943693				Dec-18		304631		45		31

		Jan-2019		2019		585		585		40,586		40,586.0								28.00		28.00		1,430.0		984,279		1,450		42		3.87		585		3021		Injection				0.591		0.591		16268		616,497		1472112		0.00068966		2.0834		1/31/19		984279				Jan-19		385754		46		28

		Feb-2019		2019		506		506		10,544		10,544.0								31.00		31.00		1,461.0		994,823		340		10		0.27		506		2946		Injection				0.576		0.576		15686		632,183		1391234		0.00294118		8.6647		2/28/19		994823				Feb-19		423381		47		31

		Mar-2019		2019		460		460		9,917		9,917.0								30.00		30.00		1,491.0		1,004,740		331		10		0.27		460		2900		Injection				0.567		0.567		13800		645,983		1376218		0.00302115		8.7613		3/31/19		1004740				Mar-19		448613		48		30

		Apr-2019		2019		438		438		9,962		9,962.0								31.00		31.00		1,522.0		1,014,702		321		9		0.22		438		2878		Injection				0.563		0.563		13578		659,561		175760		0.00311526		8.9657		4/30/19		1014702				Apr-19		482515		49		31

		May-2019		2019		434		434		75,972		75,972.0								30.00		30.00		1,552.0		1,090,674		2,532		74		11.05		434		2863		Injection				0.560		0.560		12690		672,251		380765		0.00039494		1.1307		5/31/19		1090674				May-19		555246		50		30

		Jun-2019		2019		439		439		39,411		39,411.0								31.00		31.00		1,583.0		1,130,085		1,271		37		3.06		439		2876		Injection				0.562		0.562		13516		685,767		1945002		0.00078678		2.2628		6/30/19		1130085				Jun-19		550625		51		31

		Jul-2019		2019		562		562		10,168		10,168.0								31.00		31.00		1,614.0		1,140,253		328		10		0.27		562		3002		Injection				0.587		0.587		17422		703,189		1211101		0.00304878		9.1524		7/31/19		1140253				Jul-19		529086		52		31

		Aug-2019		2019		565		565		16,042		16,042.0								30.00		30.00		1,644.0		1,156,295		535		16		0.65		565		3004		Injection				0.587		0.587		16920		720,109		509175		0.00186916		5.6150		8/31/19		1156295				Aug-19		533937		53		30

		Sep-2019		2019		543		543		38,647		38,647.0								31.00		31.00		1,675.0		1,194,942		1,247		36		2.91		543		2980		Injection				0.583		0.583		16740		736,849		878964		0.00080192		2.3897		9/30/19		1194942				Sep-19		568155		54		31

		Oct-2019		2019		461		461		18,909		18,909.0								30.00		30.00		1,705.0		1,213,851		630		18		0.81		461		2900		Injection				0.567		0.567		13800		750,649		353186		0.00158730		4.6032		10/31/19		1213851				Oct-19		657555		55		30

		Nov-2019		2019		491		491		52,900		52,900.0								31.00		31.00		1,736.0		1,266,751		1,706		50		5.35		491		2926		Injection				0.572		0.572		15066		765,715		440319		0.00058617		1.7151		11/30/19		1266751				Nov-19		682666		56		31

		Dec-2019		2019		439		439		39,487		39,487.0								31.00		31.00		1,767.0		1,306,238		1,274		37		3.06		439		2876		Injection				0.562		0.562		13516		779,231		1343337		0.00078493		2.2575		12/31/19		1306238				Dec-19		691141		57		31

		Jan-2020		2020		475		475		13,435		13,435.0								29.00		29.00		1,796.0		1,319,673		463		14		0.51		475		2914		Injection				0.570		0.570		13746		792,977		2088878		0.00215983		6.2937		1/31/20		1319673				Jan-20		735142		58		29

		Feb-2020		2020		438		438		8,606		8,606.0								31.00		31.00		1,827.0		1,328,279		278		8		0.18		438		2878		Injection				0.563		0.563		13578		806,555		1274334		0.00359712		10.3525		2/29/20		1328279				Feb-20		791786		59		31

		Mar-2020		2020		382		382		11,999		11,999.0								30.00		30.00		1,857.0		1,340,278		400		12		0.38		382		2822		Injection				0.552		0.552		11460		818,015		1209057		0.00250000		7.0550		3/31/20		1340278				Mar-20		857930		60		30

		Apr-2020		2020		429		429		14,789		14,789.0								31.00		31.00		1,888.0		1,355,067		477		14		0.51		429		2868		Injection				0.561		0.561		13268		831,283		1768618		0.00209644		6.0126		4/30/20		1355067				Apr-20		1165490		61		31

		May-2020		2020		438		438		10,105		10,105.0								30.00		30.00		1,918.0		1,365,172		337		10		0.27		438		2878		Injection				0.563		0.563		13140		844,423		2031643		0.00296736		8.5401		5/31/20		1365172				May-20		1501666		62		30

		Jun-2020		2020		388		388		7,844		7,844.0								30.00				ERROR:#VALUE!		1,373,016		261		8		0.18		388		2828		Injection				0.553		0.553		11640		856,063		0		0.00383142		10.8352		6/30/20		1373016				Jun-20		1506824		63		-44012
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																												0		0		0.00																0		0		0.00000000		0.0000												4233		0

																												0		0		0.00																0		0		0.00000000		0.0000												4234		0

																												0		0		0.00																0		0		0.00000000		0.0000												4235		0

																												0		0		0.00																0		0		0.00000000		0.0000												4236		0

																												0		0		0.00																0		0		0.00000000		0.0000												4237		0

																												0		0		0.00																0		0		0.00000000		0.0000												4238		0

																												0		0		0.00																0		0		0.00000000		0.0000												4239		0

																												0		0		0.00																0		0		0.00000000		0.0000												4240		0

																												0		0		0.00																0		0		0.00000000		0.0000												4241		0

																												0		0		0.00																0		0		0.00000000		0.0000												4242		0

																												0		0		0.00																0		0		0.00000000		0.0000												4243		0

																												0		0		0.00																0		0		0.00000000		0.0000												4244		0

																												0		0		0.00																0		0		0.00000000		0.0000												4245		0

																												0		0		0.00																0		0		0.00000000		0.0000												4246		0

																												0		0		0.00																0		0		0.00000000		0.0000												4247		0

																												0		0		0.00																0		0		0.00000000		0.0000												4248		0

																												0		0		0.00																0		0		0.00000000		0.0000												4249		0

																												0		0		0.00																0		0		0.00000000		0.0000												4250		0

																												0		0		0.00																0		0		0.00000000		0.0000												4251		0

																												0		0		0.00																0		0		0.00000000		0.0000												4252		0

																												0		0		0.00																0		0		0.00000000		0.0000												4253		0

																												0		0		0.00																0		0		0.00000000		0.0000												4254		0

																												0		0		0.00																0		0		0.00000000		0.0000												4255		0

																												0		0		0.00																0		0		0.00000000		0.0000												4256		0

																												0		0		0.00																0		0		0.00000000		0.0000												4257		0

																												0		0		0.00																0		0		0.00000000		0.0000												4258		0

																												0		0		0.00																0		0		0.00000000		0.0000												4259		0

																												0		0		0.00																0		0		0.00000000		0.0000												4260		0

																												0		0		0.00																0		0		0.00000000		0.0000												4261		0

																												0		0		0.00																0		0		0.00000000		0.0000												4262		0

																												0		0		0.00																0		0		0.00000000		0.0000												4263		0

																												0		0		0.00																0		0		0.00000000		0.0000												4264		0

																												0		0		0.00																0		0		0.00000000		0.0000												4265		0

																												0		0		0.00																0		0		0.00000000		0.0000												4266		0

																												0		0		0.00																0		0		0.00000000		0.0000												4267		0

																												0		0		0.00																0		0		0.00000000		0.0000												4268		0

																												0		0		0.00																0		0		0.00000000		0.0000												4269		0

																												0		0		0.00																0		0		0.00000000		0.0000												4270		0

																												0		0		0.00																0		0		0.00000000		0.0000												4271		0

																												0		0		0.00																0		0		0.00000000		0.0000												4272		0

																												0		0		0.00																0		0		0.00000000		0.0000												4273		0

																												0		0		0.00																0		0		0.00000000		0.0000												4274		0

																												0		0		0.00																0		0		0.00000000		0.0000												4275		0

																												0		0		0.00																0		0		0.00000000		0.0000												4276		0

																												0		0		0.00																0		0		0.00000000		0.0000												4277		0

																												0		0		0.00																0		0		0.00000000		0.0000												4278		0

																												0		0		0.00																0		0		0.00000000		0.0000												4279		0

																												0		0		0.00																0		0		0.00000000		0.0000												4280		0

																												0		0		0.00																0		0		0.00000000		0.0000												4281		0

																												0		0		0.00																0		0		0.00000000		0.0000												4282		0

																												0		0		0.00																0		0		0.00000000		0.0000												4283		0

																												0		0		0.00																0		0		0.00000000		0.0000												4284		0

																												0		0		0.00																0		0		0.00000000		0.0000												4285		0

																												0		0		0.00																0		0		0.00000000		0.0000												4286		0

																												0		0		0.00																0		0		0.00000000		0.0000												4287		0

																												0		0		0.00																0		0		0.00000000		0.0000												4288		0

																												0		0		0.00																0		0		0.00000000		0.0000												4289		0

																												0		0		0.00																0		0		0.00000000		0.0000												4290		0

																												0		0		0.00																0		0		0.00000000		0.0000												4291		0

																												0		0		0.00																0		0		0.00000000		0.0000												4292		0

																												0		0		0.00																0		0		0.00000000		0.0000												4293		0

																												0		0		0.00																0		0		0.00000000		0.0000												4294		0

																												0		0		0.00																0		0		0.00000000		0.0000												4295		0

																												0		0		0.00																0		0		0.00000000		0.0000												4296		0

																												0		0		0.00																0		0		0.00000000		0.0000												4297		0

																												0		0		0.00																0		0		0.00000000		0.0000												4298		0

																												0		0		0.00																0		0		0.00000000		0.0000												4299		0

																												0		0		0.00																0		0		0.00000000		0.0000												4300		0

																												0		0		0.00																0		0		0.00000000		0.0000												4301		0

																												0		0		0.00																0		0		0.00000000		0.0000												4302		0

																												0		0		0.00																0		0		0.00000000		0.0000												4303		0

																												0		0		0.00																0		0		0.00000000		0.0000												4304		0

																												0		0		0.00																0		0		0.00000000		0.0000												4305		0

																												0		0		0.00																0		0		0.00000000		0.0000												4306		0

																												0		0		0.00																0		0		0.00000000		0.0000												4307		0

																												0		0		0.00																0		0		0.00000000		0.0000												4308		0

																												0		0		0.00																0		0		0.00000000		0.0000												4309		0

																												0		0		0.00																0		0		0.00000000		0.0000												4310		0

																												0		0		0.00																0		0		0.00000000		0.0000												4311		0

																												0		0		0.00																0		0		0.00000000		0.0000												4312		0

																												0		0		0.00																0		0		0.00000000		0.0000												4313		0

																												0		0		0.00																0		0		0.00000000		0.0000												4314		0

																												0		0		0.00																0		0		0.00000000		0.0000												4315		0

																												0		0		0.00																0		0		0.00000000		0.0000												4316		0

																												0		0		0.00																0		0		0.00000000		0.0000												4317		0

																												0		0		0.00																0		0		0.00000000		0.0000												4318		0

																												0		0		0.00																0		0		0.00000000		0.0000												4319		0

																												0		0		0.00																0		0		0.00000000		0.0000												4320		0

																												0		0		0.00																0		0		0.00000000		0.0000												4321		0

																												0		0		0.00																0		0		0.00000000		0.0000												4322		0

																												0		0		0.00																0		0		0.00000000		0.0000												4323		0

																												0		0		0.00																0		0		0.00000000		0.0000												4324		0

																												0		0		0.00																0		0		0.00000000		0.0000												4325		0

																												0		0		0.00																0		0		0.00000000		0.0000												4326		0

																												0		0		0.00																0		0		0.00000000		0.0000												4327		0

																												0		0		0.00																0		0		0.00000000		0.0000												4328		0

																												0		0		0.00																0		0		0.00000000		0.0000												4329		0

																												0		0		0.00																0		0		0.00000000		0.0000												4330		0

																												0		0		0.00																0		0		0.00000000		0.0000												4331		0

																												0		0		0.00																0		0		0.00000000		0.0000												4332		0

																												0		0		0.00																0		0		0.00000000		0.0000												4333		0

																												0		0		0.00																0		0		0.00000000		0.0000												4334		0

																												0		0		0.00																0		0		0.00000000		0.0000												4335		0

																												0		0		0.00																0		0		0.00000000		0.0000												4336





Tubing

		API Tubing										non-API Tubing										fractions		decimal														Tubing size		2 3/8"		2 5/8"		4"		5"		7"

		O.D. (in)		I.D. (in)								O.D. (in)		I.D. (in)								1/8		0.125														Inside Diam		1.954		2.350		3.512		4.144		6.031

				Min		Max		avg						Min		Max		avg				1/4		0.250														tbg^4.87		26.1		64.1		453.8		1015.9		6314.2

		0.75										0.75		0.099		0.347		0.223				3/8		0.375												miles		re

		1.0										1.0		0.413		0.580		0.497				1/2		0.500												0.00		10		4.81		4.63		4.22		4.06		3.68

		1.050		0.0824								1.050		0.0824								5/8		0.625												0.02		100		7.11		6.93		6.53		6.36		5.99

		1.250										1.250		0.671		0.824		0.748				3/4		0.750												0.14		750		9.13		8.94		8.54		8.38		8.00

		1.315		1.049								1.315		0.957		1.049		1.003				3/4		0.750												0.19		1000		9.42		9.23		8.83		8.66		8.29

		1.5										1.5		0.953		1.087		1.020				7/8		0.875												0.47		2500		10.33		10.15		9.75		9.58		9.21

		1.660		1.380		1.410		1.395				1.660		1.278		1.380		1.329				1/16		0.0625												0.95		5000		11.03		10.84		10.44		10.27		9.90

		1.9		1.610		1.650		1.630				1.9		1.500		1.610		1.555																		2.50		13200		12.00		11.81		11.41		11.24		10.87

		2.0										2.0		1.657																						5.00		26400		12.69		12.50		12.10		11.94		11.56						1		0.4763		0.4763

		2.062										2.062		1.732		1.809		1.771																		10.00		52800		13.38		13.20		12.80		12.63		12.26

		2.063		1.657								2.063		1.657

		2.375		1.867		2.041		1.954				2.375		1.867		2.041		1.954																				Hazen-Williams Friction Loss Equation

		2.875		2.259		2.441		2.350				2.875		1.995		2.441		2.218																				4.52*(Q (gpm/C, Friction_factor)^1.85)*((1/(tubing_size (Diameter, in)^4.87))*Pkr_Z2))

		3.5		2.750		3.068		2.909				3.5		2.440		3.150		2.795																		Depth		1		2 3/8"

		4.0		3.476		3.548		3.512				4.0		3.240		3.551		3.396																						2 3/8" tbg; C=100		2 3/8" tbg; C=110		2 3/8" tbg; C=120		2 3/8" tbg; C=130		2 3/8" tbg; C=140		2 3/8" tbg; C=150

																																				BPD		gpm   C		100		110		120		130		140		150

		API Casing										non-API Casing																								100		2.9		0		0		0		0		0		0

		O.D. (in)		I.D. (in)								O.D. (in)		I.D. (in)																						500		14.6		0		0		0		0		0		0

				Min		Max								Min		Max																				1,000		29.2		0		0		0		0		0		0

		4.5		3.826		4.052		3.939				4.5		3.826		4.090		3.958																		5,000		145.8		0		0		0		0		0		0

												5.0		3.880		4.408		4.144		http://www.oilfieldtrash.com/custom/php/files/1252703762TECHFACT.pdf 																10,000		291.7		1		1		1		1		1		1

		Selected from Halliburton eRedbook										5.5		4.440		4.892		4.666																		50,000		1,458.3		25		21		18		15		13		12

		FIBERGLASS										6.625		5.575		5.921		5.748																		100,000		2,916.7		89		74		63		55		48		42

		6.625		9.3 LB/FT								7		5.695		6.366		6.031																		250,000		7,291.7		484		405		345		298		260		228

				6.065		6.407		6.236																												1,000,000		29,166.7		6,286		5,270		4,486		3,869		3,373		2,969

		4.5		2000 psi rating				3.75

																																				Depth		1		7"

																																								7" tbg; C=100		7" tbg; C=110		7" tbg; C=120		7" tbg; C=130		7" tbg; C=140		7" tbg; C=150

																																				BPD		gpm   C		100		110		120		130		140		150

																																				100		2.9		0.0		0.0		0.0		0.0		0.0		0.0

																																				500		14.6		0.0		0.0		0.0		0.0		0.0		0.0

																																				1,000		29.2		0.0		0.0		0.0		0.0		0.0		0.0

																																				5,000		145.8		0.0		0.0		0.0		0.0		0.0		0.0

																																				10,000		291.7		0.0		0.0		0.0		0.0		0.0		0.0

																																				50,000		1,458.3		0		0		0		0		0		0

																																				100,000		2,916.7		0		0		0		0		0		0

																																				250,000		7,291.7		2		2		1		1		1		1

																																				1,000,000		29,166.7		26		22		19		16		14		12



Change in ln(re/rw) with tubing diameter



2 3/8"	10	100	750	1000	2500	5000	13200	26400	52800	4.8107603697214003	7.1133454627154462	9.1282484832577104	9.4159305557094921	10.332221287583646	11.025368468143592	11.996147385301818	12.689294565861761	13.382441746421707	2 5/8"	10	100	750	1000	2500	5000	13200	26400	52800	4.6262235951859241	6.92880868817997	8.9437117087222351	9.231393781174015	10.147684513048171	10.840831693608116	11.811610610766341	12.504757791326286	13.197904971886231	4"	10	100	750	1000	2500	5000	13200	26400	52800	4.2244532475691212	6.5270383405631671	8.5419413611054313	8.829623433557213	9.7459141654313672	10.439061345991313	11.409840263149537	12.102987443709482	12.796134624269428	5"	10	100	750	1000	2500	5000	13200	26400	52800	4.0589774183848091	6.361562511378855	8.3764655319211201	8.6641476043729	9.580438336247056	10.273585516807001	11.244364433965226	11.937511614525171	12.630658795085116	7"	10	100	750	1000	2500	5000	13200	26400	52800	3.6838089973008308	5.9863940902948762	8.0012971108371413	8.2889791832889212	9.2052699151630772	9.8984170957230226	10.869196012881247	11.562343193441192	12.255490374001138	Distance (re) in feet)





ln(re/rw)  

re=evaluation rw=Inside well tubing









Hazen-Williams Friction Loss



2 3/8" tbg; C=100	2.5025139547308223E-4	4.9144058120144845E-3	1.7716442046141624E-2	0.34791328773685609	1.2542280460851858	24.630374538453278	88.792545788236183	483.68823500482029	6286.0308475517359	2.9166670312500456	14.583335156250227	29.166670312500454	145.83335156250226	291.66670312500452	1458.3335156250228	2916.6670312500455	7291.6675781251133	29166.670312500453	2 3/8" tbg; C=110	2.0979737036137643E-4	4.1199746930490316E-3	1.4852516392221415E-2	0.2916718715713395	1.0514776367369456	20.648787190236156	74.438916030211658	405.49831734969064	5269.8716797713168	2.9166670312500456	14.583335156250227	29.166670312500454	145.83335156250226	291.66670312500452	1458.3335156250228	2916.6670312500455	7291.6675781251133	29166.670312500453	2 3/8" tbg; C=120	1.7860400889783759E-4	3.5074033362224831E-3	1.2644195517333132E-2	0.24830514060135683	0.89514049134248064	17.57865775296413	63.371093727745503	345.20749690633625	4486.3298656369516	2.9166670312500456	14.583335156250227	29.166670312500454	145.83335156250226	291.66670312500452	1458.3335156250228	2916.6670312500455	7291.6675781251133	29166.670312500453	2 3/8" tbg; C=130	1.5402148493243474E-4	3.0246547848260686E-3	1.0903886096250226E-2	0.21412916041349278	0.77193601952451629	15.159183642844717	54.648885083665306	297.69416493745069	3868.8447816274052	2.9166670312500456	14.583335156250227	29.166670312500454	145.83335156250226	291.66670312500452	1458.3335156250228	2916.6670312500455	7291.6675781251133	29166.670312500453	2 3/8" tbg; C=140	1.3428875327803634E-4	2.6371458522745652E-3	9.5069156773387384E-3	0.18669562889238939	0.67303808762674322	13.217038343731261	47.647447686531507	259.55455685376108	3373.1809726343758	2.9166670312500456	14.583335156250227	29.166670312500454	145.83335156250226	291.66670312500452	1458.3335156250228	2916.6670312500455	7291.6675781251133	29166.670312500453	2 3/8" tbg; C=150	1.1819733338178077E-4	2.3211445476175869E-3	8.3677303893078189E-3	0.16432444974320967	0.59238994539735135	11.633280146694849	41.937996455560473	228.45291015313961	2968.9827796230961	2.9166670312500456	14.583335156250227	29.166670312500454	145.83335156250226	291.66670312500452	1458.3335156250228	2916.6670312500455	7291.6675781251133	29166.670312500453	2.5025139547308223E-4	4.9144058120144845E-3	1.7716442046141624E-2	0.34791328773685609	1.2542280460851858	24.630374538453278	88.792545788236183	483.68823500482029	6286.0308475517359	100	500	1000	5000	10000	50000	100000	250000	1000000	Calculated Friction Loss (psi/ft)
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Hazen-Williams Friction Loss
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Survey

				SHL		50D		BHL										Fix range to match survey!						Bottom row of data:				65

		Latitude:		0.000000														Including on graphs

		Longitude:		0.000000																				Point		MD		TVD		N/S		E/W		Row_min		Delta_MD		Delta_TVD		Delta_NS		Delta_EW

		MD		Incl		Azimuth		TVD		N/S		E/W		Vert Sec		Dogleg		Build		Turn Rate								ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A

																								Packer Depth				ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A

																								Top Inj Zone				ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A

																								KO pt 50°				ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A

																												ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A		ERROR:#N/A
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Offsets



Offset	-W or + E (feet)





+N or -S (feet)







Vertical Difference



BHL	Measured Depth





True Vertical Depth











Rev Operating Data Plot
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Hall Integral	3968	12503	31242	42163	56288	75983	98380	106907	114667	128983	136561	142656	153184	167542	182208	196268	209430	217667	234690	242850	253026	264962	275059	283498	294545	306057	323899	334654	345687	359140	381193	391751	401972	408597	420225	431807	449103	470736	490026	504209	618687	739361	806659	836184	858771	943693	984279	994823	1004740	1014702	1090674	1130085	1140253	1156295	1194942	1213851	1266751	1306238	1319673	1328279	1340278	1355067	1365172	1373016	8910	18768	28458	38626	47957	55727	65275	75745	83061	92609	101019	110505	118695	128925	140115	151151	162466	174016	185145	197175	209606	221634	233002	245836	259396	274152	289272	304958	321977	338777	356943	373953	388275	403961	417429	432309	447159	462566	477176	494319	513632	530582	548531	564641	581350	600229	616497	632183	645983	659561	672251	685767	703189	720109	736849	750649	765715	779231	792977	806555	818015	831283	844423	856063	slope, 5-step	3968	12503	31242	42163	56288	75983	98380	106907	114667	128983	136561	142656	153184	167542	182208	196268	209430	217667	234690	242850	253026	264962	275059	283498	294545	306057	323899	334654	345687	359140	381193	391751	401972	408597	420225	431807	449103	470736	490026	504209	618687	739361	806659	836184	858771	943693	984279	994823	1004740	1014702	1090674	1130085	1140253	1156295	1194942	1213851	1266751	1306238	1319673	1328279	1340278	1355067	1365172	1373016	15376.491389725534	22791.202361780997	35211.48568459713	41038.478105381131	52794.777638624961	24936.084475100797	36642.616735518917	53140.855726679154	64370.804851349938	82094.847637753046	107113.39752913362	126938.88548015906	134936.65363519269	143626.32015104595	155787.5693554841	165300.95816917697	177052.40487635607	196461.8638229717	221835.54240088971	248790.32837336205	276096.43653145718	296000.02597833343	314481.75923674536	343713.55503188836	358638.37053972401	369603.94877065113	385803.08608814987	399529.94666482968	417911.3689059898	439964.77428998827	464803.75663250173	487039.61030047986	480404.82781086955	468408.03399096249	467456.01863555651	340153.57166578993	242968.5466263546	206969.39185403613	192912.74906909245	188754.68369224883	185493.4112366582	186756.33277123567	193283.27979665628	205180.3801299718	228810.62073868886	304631.48383444094	385753.70038852631	423380.85164896713	448613.10037496826	482515.34479889571	555246.2699847949	550625.00293872401	529086.07577577501	533936.7648166276	568155.25183137949	657555.29260650557	682665.85122697614	691141.3047683473	735141.51658006536	791786.39069949021	857929.94483311451	1165489.9754766489	1501665.6554370937	1506823.5018869301	Hall Derivative	3,968	12,503	31,242	42,163	56,288	75,983	98,380	106,907	114,667	128,983	136,561	142,656	153,184	167,542	182,208	196,268	209,430	217,667	234,690	242,850	253,026	264,962	275,059	283,498	294,545	306,057	323,899	334,654	345,687	359,140	381,193	391,751	401,972	408,597	420,225	431,807	449,103	470,736	490,026	504,209	618,687	739,361	806,659	836,184	858,771	943,693	984,279	994,823	1,004,740	1,014,702	1,090,674	1,130,085	1,140,253	1,156,295	1,194,942	1,213,851	1,266,751	1,306,238	1,319,673	1,328,279	1,340,278	1,355,067	1,365,172	1,373,016	8589	10581	33918	32294	25898	36961	125960	104405	81157	147309	217246	115022	114181	133349	148469	174322	299403	147797	351976	302839	260944	303964	424693	354726	384877	266853	480202	524685	440038	304832	622607	556065	959570	479955	547291	378117	327494	363786	600825	94390	95125	206039	448152	626894	200204	386335	1472112	1391234	1376218	175760	380765	1945002	1211101	509175	878964	353186	440319	1343337	2088878	1274334	1209057	1768618	2031643	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	Wi, Cumulative Injection (bbls) 



Hall Integral (psi-day) and Derivative







late Hall Plot



Hall Integral	3968	12503	31242	42163	56288	75983	98380	106907	114667	128983	136561	142656	153184	167542	182208	196268	209430	217667	234690	242850	253026	264962	275059	283498	294545	306057	323899	334654	345687	359140	381193	391751	401972	408597	420225	431807	449103	470736	490026	504209	618687	739361	806659	836184	858771	943693	984279	994823	1004740	1014702	1090674	1130085	1140253	1156295	1194942	1213851	1266751	1306238	1319673	1328279	1340278	1355067	1365172	1373016	8910	18768	28458	38626	47957	55727	65275	75745	83061	92609	101019	110505	118695	128925	140115	151151	162466	174016	185145	197175	209606	221634	233002	245836	259396	274152	289272	304958	321977	338777	356943	373953	388275	403961	417429	432309	447159	462566	477176	494319	513632	530582	548531	564641	581350	600229	616497	632183	645983	659561	672251	685767	703189	720109	736849	750649	765715	779231	792977	806555	818015	831283	844423	856063	Hall Derivative (numeric)	3968	12503	31242	42163	56288	75983	98380	106907	114667	128983	136561	142656	153184	167542	182208	196268	209430	217667	234690	242850	253026	264962	275059	283498	294545	306057	323899	334654	345687	359140	381193	391751	401972	408597	420225	431807	449103	470736	490026	504209	618687	739361	806659	836184	858771	943693	984279	994823	1004740	1014702	1090674	1130085	1140253	1156295	1194942	1213851	1266751	1306238	1319673	1328279	1340278	1355067	1365172	1373016	8589	10581	33918	32294	25898	36961	125960	104405	81157	147309	217246	115022	114181	133349	148469	174322	299403	147797	351976	302839	260944	303964	424693	354726	384877	266853	480202	524685	440038	304832	622607	556065	959570	479955	547291	378117	327494	363786	600825	94390	95125	206039	448152	626894	200204	386335	1472112	1391234	1376218	175760	380765	1945002	1211101	509175	878964	353186	440319	1343337	2088878	1274334	1209057	1768618	2031643	0	slope, 5-step	3968	12503	31242	42163	56288	75983	98380	106907	114667	128983	136561	142656	153184	167542	182208	196268	209430	217667	234690	242850	253026	264962	275059	283498	294545	306057	323899	334654	345687	359140	381193	391751	401972	408597	420225	431807	449103	470736	490026	504209	618687	739361	806659	836184	858771	943693	984279	994823	1004740	1014702	1090674	1130085	1140253	1156295	1194942	1213851	1266751	1306238	1319673	1328279	1340278	1355067	1365172	1373016	15376.491389725534	22791.202361780997	35211.48568459713	41038.478105381131	52794.777638624961	24936.084475100797	36642.616735518917	53140.855726679154	64370.804851349938	82094.847637753046	107113.39752913362	126938.88548015906	134936.65363519269	143626.32015104595	155787.5693554841	165300.95816917697	177052.40487635607	196461.8638229717	221835.54240088971	248790.32837336205	276096.43653145718	296000.02597833343	314481.75923674536	343713.55503188836	358638.37053972401	369603.94877065113	385803.08608814987	399529.94666482968	417911.3689059898	439964.77428998827	464803.75663250173	487039.61030047986	480404.82781086955	468408.03399096249	467456.01863555651	340153.57166578993	242968.5466263546	206969.39185403613	192912.74906909245	188754.68369224883	185493.4112366582	186756.33277123567	193283.27979665628	205180.3801299718	228810.62073868886	304631.48383444094	385753.70038852631	423380.85164896713	448613.10037496826	482515.34479889571	555246.2699847949	550625.00293872401	529086.07577577501	533936.7648166276	568155.25183137949	657555.29260650557	682665.85122697614	691141.3047683473	735141.51658006536	791786.39069949021	857929.94483311451	1165489.9754766489	1501665.6554370937	1506823.5018869301	Pr Grad. High	15376.491389725534	1501665.6554370937	Est Pr ends	15376.491389725534	1501665.6554370937	Daily start	15376.491389725534	1501665.6554370937	Daily end	15376.491389725534	1501665.6554370937	Est Pressure here after	15376.491389725534	1501665.6554370937	Wi, Cumulative Injection (bbls) 



Hall Integral (psi-day) and Derivative







PlotRanges

																										Top 15 slope Values

		Key Dates		Description		Actual EQ row		Match		Cum Events		Wi		Hall Cum										check		slope		digits		row		Hall Integral		Mo_year		Avg Tbg		Mo Vol		Wi		next		Mo_year		Avg Tbg		Mo Vol		Wi

		ERROR:#REF!		ERROR:#REF!				ERROR:#REF!		0		ERROR:#REF!						Max		Check out!				Check out!		1,506,824		6		64		11640		6/30/20		388		7844		1,373,016				12/31/99		0				

		12/31/99		Initial Disposal				ERROR:#REF!		0		0		0				1		64				Check out!		1,501,666		6		63		13140		5/31/20		438		10105		1,365,172				6/30/20		388		7844		1,373,016

		3/31/15		Injection: Start Date		14		ERROR:#REF!		0		3,968		8,910										Check out!		1,165,490		6		62		13268		4/30/20		429		14789		1,355,067				5/31/20		438		10105		1,365,172

		ERROR:#REF!		First Event				ERROR:#REF!		0		0		0										Check out!		857,930		6		61		11460		3/31/20		382		11999		1,340,278				4/30/20		429		14789		1,355,067

		6/30/20		End Date				ERROR:#REF!		ERROR:#REF!		1,373,016		ERROR:#REF!										Check out!		791,786		6		60		13578		2/29/20		438		8606		1,328,279				3/31/20		382		11999		1,340,278

		ERROR:#REF!		Last Event		ERROR:#REF!		ERROR:#REF!		0		ERROR:#REF!		ERROR:#REF!										Check out!		735,142		6		59		13746		1/31/20		475		13435		1,319,673				2/29/20		438		8606		1,328,279

		ERROR:#REF!		ERROR:#REF!								ERROR:#REF!		0										Check out!		691,141		6		58		13516		12/31/19		439		39487		1,306,238				1/31/20		475		13435		1,319,673

																								Check out!		682,666		6		57		15066		11/30/19		491		52900		1,266,751				12/31/19		439		39487		1,306,238

		ROWS																						Check out!		657,555		6		56		13800		10/31/19		461		18909		1,213,851				11/30/19		491		52900		1,266,751

		Worksheet		Start data		End data				rows - 1				unit slope		110		11000		Days				Check out!		568,155		6		55		16740		9/30/19		543		38647		1,194,942				10/31/19		461		18909		1,213,851

		Earthquake		14		ERROR:#REF!				ERROR:#REF!				Hall Integral		18,768		1876800						Check out!		555,246		6		51		12690		5/31/19		434		75972		1,090,674				6/30/19		439		39411		1,130,085

		EQ_Calcs		2		ERROR:#REF!				ERROR:#REF!				1/2 slope		70		14000						Check out!		550,625		6		52		13516		6/30/19		439		39411		1,130,085				7/31/19		562		10168		1,140,253

		Operating Data		7		76		rate data		75				1/4 slope		50		20000						Check out!		533,937		6		54		16920		8/31/19		565		16042		1,156,295				9/30/19		543		38647		1,194,942

		Operating Data		7		70		time data		69														Check out!		529,086		6		53		17422		7/31/19		562		10168		1,140,253				8/31/19		565		16042		1,156,295

																								Check out!		487,040		6		32		17010		10/31/17		567		10558		391,751				11/30/17		462		10221		401,972

		offset range X = offset(starting cell,0,0,number of rows, 1)								offset range Yn = (Range x,  0, columns over-1)

		Op Data Plots		Date		Avg Tbg Pr		Max Tbg Pr		Inj Vol BPD		Inj Vol gpm		Pr Gradient		MxPrGe		Date2		EQ cum		EQ mag

		min		3/31/15		236		236		0		0		0.523		0.523		ERROR:#REF!		0		ERROR:#REF!

		max		6/30/20		645		645		4022		117		0.599		0.599		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!

		range		offset(operating Data'!$A$7,0,0,$e$15,1)														offset(EQ_Calcs!$A2,1,1,$e$14)

		name																EQDates		EQcum		EQmag

		Starting cell		Operating Data'!$A$7														EQ_Calcs!A2

		Column		1		3		4		14		15		21		22		1		5		3

		Hall Tandem Plots		Date		Wi		Wi est		Hall Integral (cum)		Derivative		slope		Date2		EQ_Cum		EQ_Wi

		min		3/31/15		0		0		0						ERROR:#REF!

		max		6/30/20		1,373,016		1,373,016		0		0		1506823.50188693		ERROR:#REF!		ERROR:#REF!

		offset range

		end		OpsDateRge																EQwi

		Starting cell		Operating Data'!$A$7												EQ_Calcs!A2

		Column		1		13		29		24		25		32		1		5		14

				Rev ops

		Combo Date		x-axis		y1-axis		y2-axis

		min		3/31/15		0		0

		max		6/30/20		651		4062

		tick		182.63		100		500

		max 1%		19		6		40

		Power				2.8138810884		3.60876344

		Factor				6.5145		4.06222

		Year fraction		scale		Factor		Scalar

		<1		28		0		0.2

		<= 365.25/5		182.625		1.2		0.2

		<=3652.5		365.25		2.5		0.5

		>3652.5		730.5		5		1

						10		2





Excel

		There is a lot of linked data and formulas in these worksheets.

		If data gets linked to other spreadsheets, the results are corrupt, as you will not get what you are looking for.

		DEFINE Name of the range for the Series to be charted

		Tables		Making your data an inserted and named table allows rows to be added

				The defined table, becomes your array range																				array		c1		c2		c3

						Add 1 to the rows if including the headers																		r1

				Ops_Data Table starts with header rows																				r2

				Initial_Inj		is the date the first injection starts, if there are numbers																		r3						X

				End_inj		is the last date of operational data

						Daily_start		is the start of daily data, if any

						Daily_end		is the end of daily data, if any

		CHART ranges

		Series value box entry

				=sheet name!defined range name

				Defined range names														OR		Index Arrays for charting dynamic data

						Formulas Define Name														Index(array, row_num, col_num)

						refers to 		=offset(reference, rows, cols, (height),(width)														array = the range of cells

								() means optional														num = number

								reference = starting point														all values entered gives the value in the cell at the row and column listed within the range

						Rows, cols		upper entry, (from what row and column)														X		from INDEX(M7:O9,3,3)

						height, width		lower right entry (end row and column point)
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Fig. 18—Modified Hall analysis suggests early-time plugging
and late-time fracturing.







